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Study on the Genetic Basis of Important Agronomic Traits for
Two Main Restorer Lines of Rice( Oryza sativa L. )
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(Institute of Crop Sciences ,Chinese Academy of Agricultural Sciences , Beijing 100081 )

Abstract : The main restorer line is a kind of restorer lines which has been widely used in hybrid rice breeding
practice. The study on the genetic basis of main restorer lines and identification of quantitative trait loci ( QTL) or
gene underlying important agronomic traits will facilitate the restorer development by the molecular marker assisted
selection in rice. In this study,the population with 250 recombinant inbred lines( RIL) was developed with a three-
line main restorer Chenghui 727 and a two-line restorer 9311 as parents,both of which have been widely used in hy-
brid rice breeding. The evaluation of 9 important agronomic traits and genotypic analysis of SSR markers were con-
ducted in Sanya,Hainan of 2015 and Hefei, Anhui of 2016. The phenotype data was analyzed by SAS9. 2 QTLs were
mapped and analyzed by QTL IciMapping v4. 1 software. A total of 39 QTLs were detected in two environments,
among which 16 QTLs were identified in Sanya and located on the chromosome 1,2,4,7,8,10,11 and 12,and 24
QTLs were identified in Hefei and located on the chromosome 1,2,3,7,8,9,10 and 12. The ¢gPHI-Iwas detected in
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both Sanya and Hefei,with the additive effects were —1.75 and —2. 46 respectively. The increasing alleles of 13
QTLs come from Chenghui 727 and 16 QTLs from 9311. There are 26 QTLs identified here had been reported by the
previous study and 13 QTLs were newly detected in this study. In addition,5 pleiotropic QTLs were found in the in-
tervals of RM279-RM521 ,RM336-RM3534 , RM25-RM547 , RM553-RM160 and RM222-RM271. Among which the
interval of RM25-RM547 was near the cloned gene GhdS. The QTL located in RM553-RM160 was a novel pleiotro-
pic QTL underlying the filled grain number per plant,grain yield per plant and spikelet fertility with large addivite
effects and contributed more than 5% of the phenotypic variation. The other three pheiotropic QTLs had been repor-
ted in previous study as a single QTL, however the pleiotropism was found in this study only. In present study, all the
newly found QTL e. g. ¢PNI2-1 underlying panicle number, QTL ¢PLI-2 and ¢PLIO-1 underlying panicle length,
QTL ¢SNP2-1 and ¢gSNP10-1 underlying spikelet number per panicle ,gSF3-1 underlying spikelet fertility rate , QTL
gTGW?7-1 underlying grain weight and ¢GYI-1 underlying grain yield have large additive effects and explained high
proportion of phenotypic variation. The results in this study will be helpful to the fine mapping, cloning and breeding
for the related traits.
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Table 1 Phenotypic values of 9 traits among two parents and the RILs populations in two environments

57K Parents T A LR FER RILs
tetk i PU Tt s e (%)
Trait Environment |V = A2 P« brifE 2 Mean + Standard i FE 353 g Coneral
Mean + Standard ~ Mean + Standard Skewness Kurtosis Range
deviation deviation deviation heritability

FFEI(d) SY 106.5 £3.0 107.5 £2.7 105.9 +4.2 -0.4 0 94.0 ~118.5 87. 1
HD HF 97.0%2.1 94.4+1.1 96.3 +4.1 -0.8 0.5 84.0~107.0 98.9
B (em) sY 86.8 +3. 1 86.6 +3.7 87.7+6.9 1.0 4.6  68.0~122.8 85.9
PH HF 130.8 +7. 8 124.3 £4.9 128.1£9.6 1.6 11.2 101.0~198.0 89.9
BB R SY 7.3£0.7 7.8+1.6 7.9+1.3 0.2 -0.4 5.0~11.1 37.4
PN HF 5.2£0.9 5.7+0.8 5.7+0.8 0.6 1.8 3.9-~9.5 43.5
FEK (em) SY 20.1£0.9 21.3 +0.8 20.9+1.6 0.2 0.2 16.3~25.6 81.8
PL HF 22.6+1.2 23.5+1.2 24.4+1.9 0 0.1 18.7~28.9 86.3
AE SR SY 157.5 £20.2 138.1+23. 4 133.9 £26.9 -0.1 -0.1  51.5~196.3 62.4
FGP HF 154.8 +27.4 144.0 £25.6 158.5 +27.8 -0.4 0.7 64.8~217.5 76.7
B SORI AL SY 191.5 +27.3 172.0 £20.9 180.7 £30. 1 0.5 1.4 103.5~303.5 64.9
SNP HF 215.1+33.8 183.9 £32.5 218.3+29.7 0.2 -0.4  149.2~305.8 70.9
ZESR (% ) Sy 82.5+3.5 79.9 £5.9 74.9 £12.6 -1.1 1.0 32.1~93.8 75.6
SF HF 71.9 +6.4 78.4 +5.8 72.7 +10.3 -1.2 1.5  36.7~89.8 84.3
THRE(g) SY 25.4+1.1 25.7+0.6 25.6+1.5 -1.0 3.0 19.0~29.1 63. 4
TCW HF 29.5+1.8 27.8+1.2 26.8 +2.7 -0.4 0.5 18.0~35.3 92.7
FRRPEE (g) SY 21.8+3.4 23.3+3.2 22.2+5.6 0.3 0.1 7.9 ~38.8 54.0
GY HF 19.3+5.3 18.3+2.9 19.1+4.2 -0.3 -0.2 6.4~29.1 63.7
HF: G)IE;SY: =1
HF ; Hefei , SY : Sanya
Fx2 EHBZTZFHSERENMEXRE
Table 2 Correlation coefficients of different traits in RIL populations
[GN il MR SERAREEE K RSP AERRE 4R TR g
Trait HD PH PN PL FGP SNP SF TGW GY
AN HD 0.110 0.246 " 0.118 -0.134"  0.183™  -0.191™  0.391* 0.191* 0.248 ™
PR PH 0.323"  0.561*  -0.125" 0.237™  0.386* 0.194™  0.261* 0.228* 0.315*
ARRAT ROAEEL PN -0.109  -0.009 0.394*  -0.191* -0.101 -0.232*  0.097 0.111 0.225*
K PL -0.094 0.249 ™ -0.127* 0.544*  0.131" 0.328™  0.157" 0.025 0.191*
FARSRIEL FGP -0.046 0.261* 0. 001 0.350™  0.110 0.483™  0.645" 0.161" 0.622*
SR SNP 0.088 0.102* -0.185* 0.303*  0.554* 0.232*  0.333"™  -0.015 0.221*
L5 SF -0.135%  0.204* 0.182* 0.138"  0.662*  -0.217"  0.161" 0.201* 0.516 "
TRIHE TCW 0.115 0.293 * -0.202 * 0.075  -0.187* -0.374™  0.111 0.259 * 0.435*
kTR GY -0. 061 0.273 0.361 0.118 0.558 ™ 0. 085 0.610* 0. 121 0. 080

A B SRZE T i AR S 3R =R IR B (R 56 2R B, XA 4k T B B IRl — MR A BRI BT A DG R AL, L RORHIR R BGK
% P <0.05 FI P <0.01 iy REKF

The data in the top right and the left lower triangles of the table were the correlation coefficients between the traits in Sanya and Hefei, respectively. The
and ™" indicated the significance at

data in the diagonal of the table represented correlation coefficients of the same trait between the two environments, *

P <0.05 and P <0. 01 levels, respectively
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x3 EABRZRERBEI MEKE QTL B R HEESH AT
Table 3 Identification of QTL for 9 traits in RIL population and their genetic parameters estimated

LOD {A IO BTk 3 (% ) Phenotypic
PEIR 7 I ] LOD score Additive effect variance explained ik
Trait Locus Interval = & = i =i i Reference
Sanya Hefei Sanya Hefei Sanya Hefei
Eiligd ] gHDI-1 RM582 ~ RM23 2.84 -1.00 5.29 [22]
HD gHDS-1 ~ RM25 ~ RM547 24.27 2.76 35.77 [23]
qHDIO-1 ~ RM258 ~ RM304 2.81 -0.79 3.05 [24]
qHDI1-1 RM4 ~ RM287 4.05 -1.10 6. 40 [25]
SR Total® 11. 69 38. 82
R qPHI-1 RM495 ~ RM576 3.35 3.79 -1.75 -2.46 6.91 5.58 [26]
PH qPHS-1 RM25 ~ RM547 3.62 2.61 6.27 [23]
qPHIO-1 ~ RM222 ~ RM271 2.85 2.15 4.43 [27]
SR Total® 6.91 16.28
RRAT RS qPNI-1 RM306 ~ RM237 3.29 0.35 4.57 [28]
PN gPN2-1  RM279 ~RM521 4.19 ~0.34 11.00 [29]
qPN2-2 RM263 ~ RM526 2.57 -0.17 2.55 [30]
¢PN2-3  RM110 ~ RM211 3.57 -0.33 4.19 [29]
gPNI2-1  RM4A ~RMS511 4.72 -0.50 9.63
JfA Total® 18.39 13.55
kK qPLI-1 RM212 ~ RM486 4.07 -0.52 4.85 [25]
PL qPLI-2 RM562 ~ RM9 2.58 -0.38 5.35
qPLI-3 RM543 ~ RM212 6. 40 -0.53 10. 24 [25]
qPL2-1 RM213 ~ RM482 3.00 0. 49 3.92
qPI4-1 RM252 ~ RM470 3.99 0. 44 7.04 [31]
qPL7-1 ~ RM336 ~ RM3534 3.02 0. 34 4.31 [24]
qPLIO-1 ~ RM222 ~ RM271 4.05 0. 80 11.53
qPLI2-1 ~ RM309 ~ RM270 2.74 -0.52 4.82 [26]
A Total® 26. 94 25.12
B ITRIAL qFGP9-1  RM553 ~ RM160 3.01 -7.87 5.01
FGP
S A Total® 5.01
R R gSNP2-1  RM279 ~ RM521 3.46 12. 68 8. 60
SNP gSNP3-1  RM135 ~ RM186 2.84 8.72 4.08 [32]
¢SNP7-1  RM336 ~ RM3534 2.85 6. 88 2.40 [33]
gSNP8-1 ~ RM408 ~ RM337 4.17 -8.14 4.10
gSNP10-1 ~ RM222 ~ RM271 3.44 12. 47 9.62
A Total® 13.72 15.08
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x3(&)
LOD {H JnPERN IRk % (% ) Phenotypic
PR [ X ] LOD score Additive effect variance explained ik
Trait Locus Interval =iy o =i s =i s Reference
Sanya Hefei Sanya Hefei Sanya Hefei
ZE SR gSFI1-1 RM23 ~ RM562 3.48 -0.05 5.79 [24]
SF gSFI-2  RM297 ~RM315 2.84 0. 04 3.73 [30]
qSF3-1 RM520 ~ RM293 7.17 -0.06 13. 47
qSF9-1 RM553 ~ RM160 5.32 -0.05 7.74
qSF10-1 RM304 ~ RM147 4.59 -0.05 6.58 [34]
JAR Total® 16. 10 21.21
T T qTGW3-1 RM16 ~ RM135 5.30 -0.96 10. 43 [35]
TCW qTGW7-1  RM336 ~ RM3534 6.73 -0.86 7.98
qTGWI11-1  RM224 ~ RM144 4. 41 -0.44 8.41 [36]
qTGWI2-1  RM511 ~RM313 7.39 1. 00 11. 15 [37]
S Total* 8.41 29. 56
PARR PR qGY1-1 RM35 ~ RM577 7.40 -1.47 9.78
GY qGY8-1 RM447 ~ RM264 3.19 -0.98 4.59 [35]
qGY9-1 RM553 ~ RM160 4.79 -1.28 6.92
qGY10-1 RM222 ~ RM271 2.57 0.82 3.20 [35]
JBR Total® 24.49
SRR R B QTL Bt ke ng 3 s 5
* : The total phenotypic variation explained by QTL of each trait
cn ch3 Ccha
()—RMI54 RMS1B E:%g
qPH-1-1 (S,H) :%%H— 9PN-2-1a (8) gSNP-7-1 (H)
RM279 qTGW-7-1 (H)
wors1 ) s 1) 5
gHD-1-1 (S) . Msv
gSF-1-1 ($) RM232
gPL-1-1a (S) L RM341 RM251 252 gPL-4-1 (S)
RM475 L——RM470
gPN-1-1 (S) b= RM255
12 () L gPN-2-2 (H) v —Rv280
ZPL-I-Ib (H)
b= RM6 qTGW-3-1 (H)
qSF-1-2 (8) | /mg(s)g gSNP-3-1 (H)
ﬁ%_ gPL-2-1 (H) RMI68
RM207 gSF-3-1 (H)
ch8 cho Chto chil chi2
— -
s gSNP-8-1 (S) E’_m‘;‘; % Z%.-Il")’_-]l (( " )) GHD-11-1 (S) ] RM20A
RMI152 gSNP-10-1 (S)
gPL-10-1 (H)
RM25 gHDS.1 (H) L1 rv271 . gPN.12.1 (5)
Kivess qHH-8-1 (H) RA108 e D101 () e e GTGW-12-1 (H)
RMS515 9EGP8-1 () [ RM309 qPL-12-1 (H)
RMas4 RMI89 asro1 (1) L RrM147 — RM270
RM245 — RMs90 — RM12
Lo qGY-8-1 (H) qTGW-11-1 (S)

S ARFXAS QTL ZAE = EIRBE A I B A 5 HARFIX A QTL JRAE-A HLFREE T A 2 1Y
S:Represent the QTL detected in Sanya,H:Represent the QTL detected in Hefei
1 9 MERERANIFMETAAENZIE QTL EREAK LHME

Fig. 1 Chromosome location of the QTLs for 9 traits detected in two environments
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727, BUHRR A 6.91% ; S MBS AG I E] 3 4, 4 T
551,810 Yetafh ERLON E 5 5 0 - 2. 46 2. 61
2,15, TR T 4. 43% ~6.27% Z 18], Wit
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